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Bobcats are opportunistic felids occurring in a diverse range of habitats and with a widespread distribution from southern
Canada to southern Mexico. To explore why the bobcat’s distribution stops at the Isthmus of Tehuantepec, we modelled
the ecological niches, projected as potential distributions, of the felid community (bobcat Lynx rufus, puma Puma
concolor, jaguar Panthera onca, margay Leopardus wiedii, jaguarundi Herpailurus yagouaroundi, and ocelot Leopardus
pardalis) in southern Mexico, using occurrence data, environmental maps, the computer algorithm GARP, and a GIS
platform. The resulting geographical projection of the ecological niche of bobcats extends south of the Isthmus of
Tehuantepec, suggesting that ecological conditions exist for the establishment of populations. The overlap of the
modelled distribution of the bobcat was large with that of the puma (97%), but low with that of the ocelot (44%),
margay (46%), jaguar (49%), and jaguarundi (52%), the latter three having relatively similar size and feeding habits to
bobcats. Moreover, an independent analysis computing a geographic co-occurrence index showed a similar trend of
geographic avoidance (valuesB�4.60 showing a statistically significant anti-correlation) between bobcats with the
margay, ocelot, jaguarundi, and jaguar, but not with the puma (values�0.15), while all felids, except bobcats, showed a
geographic co-occurrence in southern Mexico (values ranging from �1.91 to 4.71). The Isthmus of Tehuantepec, a
lowland region with subtropical habitat, is unlikely to serve as a geographic and ecological barrier to bobcats. As mammal
inventories have been conducted for over a century in this region with no records of bobcats, it is unlikely that bobcats are
present but have just not been seen. Fossil records also provide no support for the presence of bobcats in that region in the
past. Thus, competitive interactions with other felid species appear important in limiting the southern distribution of
bobcats, preventing dispersal to a suitable but geographically reduced area south of the Isthmus of Tehuantepec.

A fundamental question in biogeography is what limits
species’ distributions (Lomolino et al. 2005). One hypoth-
esis is that, in temperate regions, abiotic factors are more
important in limiting species’ distributions, whereas in
tropical regions, distributions are predominantly limited by
biotic factors, such as competition, commensalism, parasit-
ism, and plant-animal interactions (Lomolino et al. 2005).

Recent research that uses tools for modelling ecological
niches provides insight into these questions. By combining
known species occurrences with relevant environmental
parameters in digital maps and using a GIS platform, one
can characterise species’ ecological niches projected as
potential distributions (Stockwell and Peters 1999, Peterson
et al. 1999, Anderson et al. 2002, Sevenning and Skov
2004, Soberón and Peterson 2005). These distribution
hypotheses can serve as a framework for identifying factors
affecting species distributions (Soberón and Peterson 2005).
For example, Svenning and Skov (2004) used climatic

variables to model European tree distributions and found
that temperature limited dispersal capability in postglacial
expansion. They also observed a strong association between
ecological niche occupancy and latitude: species at higher
latitudes showing a higher occupancy (Svenning and Skov
2004). Ecological niche modelling using environmental
variables has proven robust for invasive species because such
species tend to disperse to geographic areas where similar
environmental conditions exist (Peterson 2003). Further,
Anderson et al. (2002) modelled species ecological niches of
South American rodents, and found a geographic replace-
ment of one species for another within the potential
distribution of the latter species. These authors invoked
competitive exclusion as an important factor affecting the
distributions of these rodents.

The bobcat Lynx rufus is a widespread Nearctic species
ranging from Canada to southern Mexico (Hall 1981,
Lariviere and Walton 1997). It is a vagile and opportunistic

Ecography 31: 757�764, 2008

doi: 10.1111/j.1600-0587.2008.05327.x

# 2008 The Authors. Journal compilation # 2008 Ecography

Subject Editor: John Linnell. Accepted 19 June 2008

757



felid occurring in a wide diversity of habitats, including
conifer and conifer-hardwood forests, cloud forest, arid
habitats, and tropical forest (Lariviere and Walton 1997). It
is a strict carnivore preying predominantly on small
mammals such as lagomorphs and rodents, but can also
prey on medium-sized mammals and birds. Its home range
varies between 2.6 and 76.8 km2 (Lariviere and Walton
1997), the actual size depending largely on food availability.

There is evidence that both abiotic and biotic factors
have an impact on bobcats. For instance, they usually avoid
extreme low temperatures, and harsh climate conditions
directly affect their distribution and population density.
Preferred prey availability also plays an important role in
determining population density (Koehler and Hornocker
1989, Lariviere and Walton 1997). Further evidence comes
from the Canadian lynx Lynx canadensis, a related species of
bobcats, which also avoids extremely low temperatures.
Again, prey availability, such as the snowshoe hare, is closely
related to population density (Stenseth et al. 2004).
However, the southern distribution of the bobcat stops at
the Isthmus of Tehuantepec in southern Mexico. There the
climate is benign (Hall 1981, Lariviere and Walton 1997),
and so abiotic factors are not easily invoked to explain this
truncation. On the other hand, neither is it clear how biotic
factors would explain limits to the bobcat’s distribution.

Bobcats in southern Mexico co-occur with a rich
community of other felids (Hall 1981), including margay
Leopardus wiedii, ocelot Leopardus pardalis, jaguarundi
Herpailurus yagouaroundi, jaguar Panthera onca, and puma
Puma concolor. Ecological niche modelling can be a useful
first approximation for identifying factors that potentially
limit the bobcat’s distribution in a region that is rich in felid
species. Hypotheses derived from this modelling can then
be further refined and validated with properly designed
long-term field studies. In this study, we apply techniques
for modelling a species’ ecological niche, projected as a
potential distribution to test if there exist suitable ecological
conditions south of the Isthmus of Tehuantepec for
bobcats. In particular, we determine whether competitive
interactions with ecologically similar felids could be a factor
in limiting their southern distribution.

Materials and methods

Occurrence data

We compiled a database of georeferenced localities for six
species of felids that occur in southern Mexico � bobcat
(113 localities), jaguar (67 localities), puma (89 localities),
margay (61 localities), jaguarundi (74 localities), and ocelot
(80 localities). The data are based on museum voucher
specimens from national and international museum collec-
tions (see Acknowledgements), public electronic databases
(MaNIS: Bwww.manis.gob.mx� and CONABIO:Bwww.
conabio.gob.mx� and published records (Hall 1981,
Botello et al. 2006). Each locality was georeferenced to
the nearest 0.018 of latitude and longitude using 1:250 000
topographic maps (INEGI: Bwww.inegi.gob.mx� and
Inst. de Geografı́a, Univ. Nacional Autónoma de México:
Bwww.igeograf.unam.mx�.

Ecological niche models and distributions

We used occurrence data and environmental variables
digitised as electronic maps, along with a GIS platform,
to produce the ecological niche models projected as species’
potential distributions. To characterise species’ ecological
niches, we used 10 environmental layers (at a 0.048�0.048
pixel resolution), including potential vegetation type (Rze-
dowski 1986), elevation, slope, and aspect (from the U.S.
Geological Survey’s Hydro-1K data set); and climatic
parameters, including mean annual precipitation, mini-
mum daily precipitation, maximum daily precipitation,
minimum and maximum daily temperature, and mean
annual temperature (United States Geological Survey
1998).

Species ecological niches were modelled using GARP
(genetic algorithm for rule-set prediction, available for public
download at Bhttp://www.lifemapper.org/desktopgarp�),
an algorithm that has been extensively tested for prediction
of species’ geographic distributions (Peterson et al. 1999,
2006, Peterson 2001, 2003, Anderson et al. 2003). Briefly,
it can be conceptualised as modelling the species’ ecological
niche � the set of conditions under which a species can
maintain populations without immigration from adjacent
habitats (Hutchinson 1957) � and can be thought of as a
coarse-grained version of the ecological niche of Grinnell
(1917, 1924). A number of studies have demonstrated
certain properties of a species’ ecological niche modelled
under this framework: 1) that they yield highly predictive
distributions for different faunistic groups, including
mammals (Illoldi-Rangel et al. 2004), 2) they are highly
conserved over evolutionary time (Peterson et al. 1999), and
3) they provide a long-term constraint on the geographic
potential of species (Peterson 2003).

In GARP, occurrence points are divided evenly into
training and test data sets. GARP works using an iterative
process of rule selection, evaluation, testing, and then
incorporation or rejection of the rule. A method is chosen
from a set of possibilities (e.g. logistic regression, biocli-
matic rules) and applied to the training data to develop or
evolve a rule. Predictive accuracy is evaluated based on the
testing data. Changes in predictive accuracy between
iterations are used to evaluate whether or not particular
rules should be incorporated into the model. The algorithm
is run for 1000 iterations or until convergence is achieved
(Stockwell and Peters 1999). Following the recommenda-
tion of Anderson et al. (2003), in order to refine
distribution model performance, we developed 100 repli-
cate ecological niche models for each species. We then chose
a ‘‘best subset’’ of these models based on optimal error
distributions for individual replicate models. We chose the
20 models with least omission error, and then retrained the
10 of them that had predicted area closest to the median
area predicted among the 20 low-omission models. The
geographic predictions of these 10 models were super-
imposed to provide a sum of potential geographic distribu-
tions (Fig. 1). Model predictability was assessed and
validated via the coincidence of random 50% subsets of
available information withheld from model building and
the geographic predictions � the geographic coincidence
was tested with a Chi-square statistic that summarizes the
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predictive performance of the model above and beyond that
expected at random (Peterson 2001).

Geographic overlap of species distributions

The geographic overlap of a pair of species’ distributions
was defined as the percentage of shared pixels between the
two species’ potential distributions (SP) relative to the total
number of pixels for one of the species (S1):

Geographic overlap� (SP=S1)�100

Because this study is restricted to Mexico, our calculation
gives an incomplete estimation of the geographic overlap in
species distributions, as all felids expand farther to the north
and/or to the south of Mexico (Hall 1981). However, this
geographic overlap does give a diagnostic for considering
trends for the potential geographic replacement of species
the region studied.

Data mining and geographic co-occurrence of felids

To determine the co-occurrence of felids, we first assigned
to each occurrence data for each felid species a geographic
buffer area. This can be done in different ways. In this study
we considered two. The first consists of a circular region
centered on the collection point. The radius of this region
was chosen to be 80 km (Fig. 2), a choice governed solely
by the size of the available dataset. Significantly larger radii
lead to poor statistics, due to the fact that many, and
eventually all, data are included within the same buffer. On
the other hand, significantly smaller radii would preclude
any co-occurrences whatsoever within a buffer. More data
would allow for a smaller buffer, while less data would
demand a larger one. In a given buffer only presence or
absence was noted. Thus, if a buffer for a certain species
contained two other occurrences of the same species these
were not counted as separate buffers. The other way to
obtain buffers for the data that was considered, was by
covering the area of interest in a grid of mesh size 20 km,
then counting co-occurrences in the different cells of the
grid. All our results were qualitatively the same, irrespective

Figure 1. Ecological niche projected as potential distributions (grey area) of the felid community occurring in Mexico: bobcat Lynx rufus
(A); ocelot Leopardus pardalis (B); margay Leopardus wiedii (C); jaguarundi, Herpailurus yagouaroundi (D); jaguar Panthera onca (E);
puma Puma concolor (F). Note that the ecological niche model of bobcats expands to the south of the Isthmus of Tehuantepec (black
line), although it has never been recorded in that region.
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of the type of buffer used, which supports the robustness of
our conclusions.

To infer potential competitive interactions between
different felid species co-occurrences were noted within
each buffer, Nik being the number of buffers with co-
occurrences of species i and k, and Nk being the number of
buffers with occurrences of species k. The conditional
probability of co-occurrence of species i given the presence
of species k is then given by P(speciesijspeciesk)�Nik/Nk

(see below). Our null hypothesis was that the distribution of
species i over the total set of buffers was random. Note that,
as the ecological niche model used here, essentially by
definition, predicts each and every point-occurrence, then
our null-hypothesis is consistent with the hypothesis that
the distribution of species i is random and is in accord with
the modelled ecological niche. Note however, that we do
not extrapolate species distributions to their entire potential
niche; rather, we analyse potential competitive interactions
by considering only the spatial distributions of the point
collection data itself rather than its extrapolation by
ecological niche modelling to a potentially larger distribu-
tion.

With this hypothesis the probability of finding a buffer
containing species i is P(speciesi)�ni/n, where ni is the
number of buffers with point occurrences of species i and n
is the total number of buffers of all the felid species under
discussion.

The associated statistic we used to determine the
presence of a potential biotic interaction is a common
one in data mining applications (Stephens 2006) and is a
signal to noise measure given explicitly by

o(speciesi½speciesk)�
Nk(P(speciesi½speciesk) � P(speciesi))ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Nk(P(speciesi)(1 � (speciesi)))
p

The denominator in this formula is the variance of the
distribution associated with the null hypothesis. Thus, if
joj�2, we can say that the actual distribution of species i
does not support the null hypothesis, thus implying that

there is statistically significant positive or negative correla-
tion between species i and k whose origin cannot be
explained by the modelled ecological niche.

Results

The geographic distributions of the felids examined in this
study were all predicted with an accuracy significantly
higher than that expected at random (with Chi-square tests,
all pBB0.05). This test is based on point occurrences
independent of that used to build our models, so the
models and maps confined to Mexico that serve as the basis
for this study appear to have predictive ability regarding the
distributions of each species involved.

Furthermore, distribution overlap between all felid
species pairs ranged from 44 to 98% (Table 1). Bobcats
showed the lowest geographic overlap with all felid species
(B53%), except with the puma (97%); bobcat distribution
showed a geographic overlap of 44, 46, 49 and 52% with
the distribution of ocelot, margay, jaguar and jaguarundi,
respectively. Geographic overlap of species distribution
between pair species of relatively similar sized felids
(jaguarundi, ocelot and margay, but excluding bobcat)
ranged from 83 to 94%, and between puma and jaguar was
93% (Table 1).

Our data mining approach, calculated independently,
showed similar trends. In Table 2 we show the different
values of o for the bobcat relative to the other felids. There
were significant negative correlations between the presence
of bobcat and jaguarundi, ocelot, jaguar, and margay, all
with epsilon values B�4.6. On the other hand there was a
small positive correlation between the bobcat and the puma,
with an epsilon value of 0.15. Overall, all felid species,
except bobcats, showed only small degrees of statistical
association with joj values B1 though interestingly, there
were significant positive correlations between the jaguar-
undi and margay with the jaguar (Table 2). Furthermore,

Figure 2. Geographic co-occurrence of felid species’ point localities distributed in Mexico. For each point locality (black points), a buffer
area of 80 km (circles) was built for computing a probability index indicating if felid species showed either a close geographic co-
occurrence or avoidance with other species. See Materials and methods for details.
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when projecting all felid species distributions showing
epsilon values of B�4.6 with the bobcat distribution,
the resulting areas of geographic avoidance completely
covered the Isthmus of Tehuantepec, the Yucatan Penin-
sula, and the State of Chiapas on the border with
Guatemala (Fig. 3).

Discussion

Several hypotheses have been previously proposed to explain
why the bobcat distribution stops at the Isthmus of
Tehuantepec. First, the Isthmus of Tehuantepec serves as
a geographic and ecological barrier. Although valid for
several species of small mammals (Peterson et al. 1999), it
seems unlikely to apply to bobcats since the Isthmus of
Tehuantepec is a lowland region with no obvious geogra-

phical barrier for such a vagile felid. Also the Isthmus region
contains habitats, such as subtropical swamps, in which
bobcats occur elsewhere in Mexico (Lariviere and Walton
1997, Briones and Sánchez-Cordero 2004, Botello et al.
2006). A second possibility is that bobcats do occur south of
the Isthmus of Tehuantepec, but have not been recorded.
This hypothesis has little support given that naturalists have
been collecting mammals for at least 100 yr in Mexico, and
all medium- to large-sized known mammals occurring in
southern Mexico were already recorded by the 1950s (Hall
1981, Guevara-Chumacero et al. 2001). A third possibility
is that bobcats did historically occur south of the Isthmus of
Tehuantepec but have gone extinct. The known fossil
records of bobcats are restricted to North America and are
dated at approximately 3.2�1.8 million yr ago (Savage and
Russell 1983). There is no evidence of bobcat fossil records
south of the Isthmus of Tehuantepec to support this
hypothesis (Savage and Russell 1983, Lariviere and Walton
1997).

Our niche models projected as potential distributions
show suitable focal areas for bobcats south of the Isthmus of
Tehuantepec, in the highlands of Chiapas and lowlands in
the southern portions of the Yucatan Peninsula, suggesting
that adequate ecological conditions exist in which to
establish resident populations. These areas are, however,
geographically reduced to the south of the narrow con-
tinental cone-shaped region of southern Mexico, but show
almost a continuous interconnection of suitable habitat
through the Isthmus of Tehuantepec (Fig. 1A). The
biological reality of our distribution predictions for the
felid community confined to Mexico depends on assump-
tions that may limit the basis for our inferences. For
example, the species’ ecological niches are assumed to be
modelled using an appropriate (abiotic) subset of dimen-
sions, and are assumed not to be limited significantly in
dimensions associated with other relevant environmental
and biotic variables which were not incorporated in our
ecological niche modelling approach (Soberón and Peterson
2005). Prey availability, for example, is known to affect
bobcat density and distribution at the landscape level
(Lariviere and Walton 1997). Despite these shortcomings,
our ecological niche models containing only a subset of
environmental variables produced results with predictive
ability.

Interestingly, geographic overlap of species distributions
was lowest between bobcat and margay, ocelot, jaguarundi,
or jaguar. The first three of these felids have relatively
similar body masses (compared with the jaguar and puma)
and feeding habits: bobcats (6.8�9.6 kg) (Lariviere and

Table 2. Summary of epsilon values between species of felids occurring in southern Mexico. Bobcats showed the smallest epsilon values
(bold) with margay, jaguar, ocelot, and jaguarundi suggesting a geographic avoidance with these felids. Epsilon values close to zero or
positive were observed between margay, ocelot, jaguarundi and jaguar, which are commonly sympatric in southern Mexico. Note that the
highest epsilon values were between puma and jaguar, and puma and bobcat, which co-occur over wide geographical areas in Mexico (Hall
1981; Fig. 1).

L. rufus P. concolor L. wiedii P. onca L. pardalis H. yaguaroundi

L. rufus 0.13 �3.88 �4.07 �4.13 �4.12
P. concolor 0.15 �0.40 0.46 �0.49 �1.07
L. wiedii �4.67 �0.42 �0.05 �0.91 �0.24
P. onca �4.82 0.47 �0.05 4.71 4.17
L. pardalis �4.83 �0.49 �0.89 4.65 2.60
H. yaguaroundi �4.85 �1.09 0.18 4.15 2.62

Table 1. Summary of the geographic distributional overlap for each
pair of felid species in Mexico. Margay Leopardus wiedii, jaguar-
undi Herpailurus yagouaroundi, bobcat Lynx rufus, puma Puma
concolor, jaguar P. onca, and ocelot Leopardus pardalis.

Species Geographic overlap (%)

L. wideii/H. yagouaroundi 98.48
L. rufus/P. concolor 96.92
L. wideii/P. onca 95.53
P. onca/H. yagouaroundi 95.09
L. pardalis/H. yagouaroundi 94.21
P. onca/P. concolor 92.51
H. yagouaroundi/P. concolor 92.45
L. pardalis/P. concolor 92.45
L. pardalis/P. onca 92.41
L. wideii/P. concolor 92.24
P. onca/L. wiedii 91.00
H. yagouaroundi/P. onca 90.62
H. yagouaroundi/L. wiedii 89.39
L. pardalis/L. wiedii 87.53
P. onca/L. pardails 85.93
L. wideii/L. pardails 85.44
P. concolor/L. rufus 84.34
H. yagouaroundi/L. pardails 83.48
H. yagouaroundi/L. rufus 71.37
P. onca/L. rufus 69.96
L. wideii/L. rufus 68.54
L. pardalis/L. rufus 67.69
P. concolor/H. yagouaroundi 59.06
P. concolor/P. onca 56.31
P. concolor/L. wiedii 53.49
L. rufus/H. yagouaroundi 52.39
P. concolor/L. pardails 52.33
L. rufus/P. onca 48.94
L. rufus/L. wiedii 45.67
L. rufus/L. pardails 44.03
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Walton 1997), ocelot (11�16 kg) (Murray and Gardner
1997), jaguarundi (3.75�6.25 kg) (Oliveira 1998a), and
margay (3.4�4.1 kg) (Oliveira 1998b). Additionally, they
prey mostly on the same small mammals, such as
lagomorphs and rodents (Villa and Cervantes 2003). All
felids other than the puma overlapped less with bobcats
north of the Isthmus of Tehuantepec, where its distribution
expands geographically according to the shape of Mexico
(Fig. 3). In the south, however, all felids overlap with
potential bobcat habitat (Fig. 1, 3; Table 1).

In order to determine the potential effects of competitive
interactions rather than those of the modelled ecological
niche, we considered the competitive interactions among
the different felids by measuring the joint probabilities for
their co-occurrence. We term this a data mining approach
because no parametric model is imposed on the data, thus
allowing the data to speak for themselves. Obviously,
potential competitive interactions can have diverse origins

such as indirect competition for food resources, spatial
avoidance, competitive exclusion and prey availability. The
question is: how are these competitive interactions reflected
in the geographic distribution of a species? Further, how
does one discriminate between the effects of modelled
ecological niche and those due to competitive interactions
(Soberón and Peterson 2005)? To answer this, we consider
the co-occurrences of different species as defined by the
occurrence data. If the co-occurrences are at a higher or
lower frequency than one would expect on the basis of the
ecological niche model, then we propose that competitive
interactions influence species distributions. Similar trends
of geographic avoidance between bobcats and margay,
ocelot, jaguar and jaguarundi, but not with the puma
were observed; epsilon values being strongly negative
between bobcats and other felids, except the puma,
suggesting a geographic avoidance of bobcats in southern
Mexico with these other felids (Fig. 2, 3). Conversely,

Figure 3. (A) Geographic overlap of the ecological niche model projected as potential distribution of margay, ocelot, jaguarundi, jaguar
and puma (black areas) on bobcat distribution (grey area). Note that all felid species completely overlap with the potential distribution
projection of bobcats south of the Isthmus of Tehuantepec (dark line), when compared with Fig. 1A. (B) Map depicting the geographic
overlap of the potential distributions of jaguar, margay, ocelot and jaguarundi (black), felids that showed the highest negative epsilon
values with the bobcat potential distribution (grey). Black areas depict regions with potential high geographic avoidance between bobcat
and these felids. Note the wide geographic overlap with the bobcat potential distribution at the Isthmus of Tehuantepec.
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epsilon values close to zero or higher were observed between
felids species, other than the bobcat, thus suggesting a trend
of geographic co-occurrence between them in southern
Mexico (Fig. 1�3; Table 2). Typically, these felids are
commonly observed co-occurring in southern Mexico,
including regions south of the Isthmus of Tehuantepec
(Hall 1981, Villa and Cervantes 2003, Briones and
Sánchez-Cordero 2004).

These results do not tell us the underlying nature of
these competitive interactions. However, we can impor-
tantly discard one hypothesis: one might be tempted to
think that these interactions are not biotic in nature but
merely reflect the differences in realized ecological niche of
these species, i.e. the puma and bobcat, and puma and
jaguar showed large geographic overlap and there is a
significant correlation between them in terms of co-
occurrence. Similarly, for the other felid species there
is significantly less geographical distribution overlap
(Table 2). The fact that this is not a plausible explanation
comes from the observation that 1) the distribution
predicted from the modelled ecological niche is already
accounted for in our null hypothesis; and 2) given that the
geographic overlap of the puma and bobcat distributions
was high, the observed differences in the interactions of the
bobcat with the margay, ocelot, jaguarundi and jaguar
relative to those of the puma cannot solely be explained
through considerations of the ecological niche alone and,
therefore, it is likely that they are biotic in nature.

Furthermore, projecting the significant negative epsilon
values across all felid species distributions (except the puma)
reflected an overall measure of the geographic avoidance
between them and the bobcat (Fig. 3B). The greatest
evidence of geographic avoidance occurs precisely in and
south of the Isthmus of Tehuantepec, and offers a plausible
explanation of why the bobcat has not been able to pass
below it (Fig. 2, 3). We thus contend that species
competitive interactions between felids where ecological
niches coincide in the same geographic area may exclude
bobcats south of the Isthmus of Tehuantepec, preventing
dispersal to this region.

Of course, what one can conclude from data mining is
limited by the quality of the data. One could argue that the
museum data used are not a product of a systematic survey
sampling, and may contain geographic bias (Briones and
Sánchez-Cordero 2004). This is true but one must then ask
if a particular bias in the data collection process is sufficient
to explain our conclusions. We believe this to be highly
unlikely. After all, the data for felid specimens considered is
spread over many decades (almost a century), throughout
all of Mexico and obtained by more than 80 different
collectors (Hall 1981, Guevara-Chumacero et al. 2001).
Additionally, our geographic co-occurrence analyses include
a large number of unique localities for these species (see
above).

Caro and Stoner (2003) proposed five forms of species
competitive interactions between carnivores: avoidance if
they enter into a visual or olfactory encounter; active
avoidance which results in shifts in habitat use; competition
involving food stealing; carnivores killing each other; and
exploitative competition. Our models do not provide a fine
scale resolution for testing these hypotheses, but some data

show that species interactions of these felids are common.
For example, pumas and jaguars avoid each other when
encountered (Aranda and Sánchez-Cordero 1996), and also
prey on different food items in tropical forests of Mexico;
jaguars feed predominantly on peccaries Tayassu sp., and
pumas on white-tailed deer Odocoileus virginianus and red
brocket deer Mazama americana (Aranda 1994, Aranda and
Sánchez-Cordero 1996, Núñez and Miller 2004). Jaguars
occasionally prey on ocelots, or steal prey from pumas, if
preferred prey is scarce in tropical deciduous forest in
western Mexico (Núñez and Miller 2004). Bobcats compete
with coyotes and red foxes in Maine (Major and Sher-
phurne 1987), and prey on kit foxes in California (Disney
and Spiegel 1992). Bobcats out-compete ocelots when
encountered in coniferous forest or arid habitat and feed
on the same prey in northwest Mexico and southern Texas
(Tewes et al. 1997, López-González et al. 2003). Con-
versely, Neotropical felids such as margay, jaguarundi, and
ocelot, with similar ecologies to bobcats, may also have a
competitive advantage in tropical regions (Eizirik et al.
1998, López-González et al. 1998). These scanty data show
that species competitive interactions between these felids are
common and may play a role in regions where hunting areas
are reduced as, for instance, in the narrow continental cone-
shaped region of southern Mexico.

Felid species competitive interactions can be tested by
studying this felid community in regions where bobcats
occur but show a geographically reduced niche in their
southern distributional range in portions of the Isthmus of
Tehuantepec, and in regions where bobcats show a
geographically wider niche, as in western Mexico. Several
other predictions that can be tested in the field can be made
from this hypothesis. Considering only geographic regions
where all felid species occur, species competitive interac-
tions (geographic avoidance) should be more intense in the
southern distributional range of bobcats, thus showing a
smaller home range and preying selectively on fewer prey
species. Conversely, species competitive interactions should
be less intense in more northern regions given the wider
geographic distribution of bobcats, thus showing larger
home ranges and preying on a wider range of prey types.
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